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Molybdenum die steels serve particularly well 
where heavy dies require deep hardening . 
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LIKE SHOOTING FISH IN A BARREL ... There 
was a time when Jap Zeros could “sit in the sun” 
and come in with guns blazing — protected from our 
gunners by blinding sunlight. Not long ago, they 
had an unpleasant surprise. U. S. Army and Navy 
gunners now have a new Westinghouse gunsight 
lamp that lets them fire with deadly accuracy —di- 
rectly into the sun; Formerly, our gunners could-aim 
within only 15 degrees of the sun, leaving a dreaded 
“blind spot”. This has now been removed—and, 


with it, a lot of Japs. 
HAM AN’... New sealed-beam landing 
lights for army bombers are so powerful 
thet a Westinghouse engineer actually 
cooked co meal on the surface of an ups 
turned lens. Infrared rays did the trick. 


Lamps of 10,000 different types, using from 1/10th to 10,000 watts — incandescent, 
fivorescent, infrared, ultraviolet lamps, produced at the rate of about 1,000,000 
units daily —lamps for.seeing, for heating, for fighting disease — wherever 
you see the Westinghouse Mazda Trade Mork, you'll find top quality! 


SELF-CONTAINED SUN LAMP, déveloped 
by Westinghouse, produces comfortable 
warmth with infrared, as well as beneficial 
ultraviolet rays. Mercury va por, electrodes, 
refiector, and Incandescent filament are 
sealed in a reflector bulb of special. glass, 
which screws into any lomp socket. 


JOHN CHARLES THOMAS Westin house on el nt pm, EWT, 


Sunday, 2:30 pm, EWT, NBC 
PLANTS IN 25 CITIES Orsices EVERYWHERE 
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COMPLETELY REFRIGERATED SHIPS—“‘C, Reefers” 
—play an important part in bringing fresh foods to 
our Armies overseas. Built by Moore Dry Dock 
Company and equipped by York Corporation, these 
floating cold storage warehouses, held at a tempera- 
ture of 15°F., are a major factor in the fighting 
efficiency of our Armed Forces. 


Here is what an official of United Fruit, the op- 
erating company, said regarding performance: “Their 
reliability has been outstanding, particularly under 
the exacting requirements of the quick turnaround 
that is one of the major demands made in the re- 
frigerated trade . . . there has been no instance in 
which any one of them has failed to deliver its cargo 


at destination in perfect condition—and on time.” 

Yet York equipment serving in our fleet of refrig- 
erated ships is but a part of the total refrigeration 
tonnage necessary for the maintenance of our Armed 
Forces. Self-contained refrigerating units on landing 
craft, in trucks and on trailers bring fresh rations 
from beachhead to battle zone. 

On ship and on shore York equipment is serving 
with our Armed Forces. In many cases requirements 
have called for new and superior techniques. Wartime 
developments will be reflected in ma- 
terially improved air conditioning and 
refrigeration for a peacetime world. 


York Corporation, York, Penna. 


YORK REFRIGERATION AND AIR CONDITIONING 


HEADQUARTERS FOR MECHANICAL COOLING SINCE 1885 
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The stip that made a 
chump out of an admiral 
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It took the Liberty ship to make a chump out of Nazi Admiral 
Doenitz! He told Hitler his U-Boats would starve England 
out of the war. But he reckoned without our ability to build 
ships by the hundred and get most of them through safely. 
We are proud of the part The Carborundum Company played 
in making that record. For in shipbuilding, as in every other 
modern industry, ‘‘CARBORUNDUM’’-made products are helping 
do the job faster, better and at lower cost. 





For instance, grinding wheels 
by “CARBORUNDUM”’ precision 
grind pins and bearings for 
giant marine crankshafts. They 
accurately grind and finish en- 
gine cylinders, pistons, gears, 
rods, parts—and miles of ship 
welds.’ Abrasives, refractories 
and ‘‘Globar’”’ electric heating 
elements by ‘‘CARBORUNDUM” 
are all tools vital to production. 
This wide application offers ex- 
ceptional opportunities for En- 
gineer-Salesmen. If interested, 
please write The Carborundum 
Company, Niagara 
Falls, New York. 





PRODUCTS BY — 


ARBORUNDUM 









repelled 





(“CARBORUNDUM” and “GLOBAR” are registered trade marks of and indicate manufacture by The Carborundum Company) 
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COLUMBIA CONSTRUCTION 
COMPANY REPORTS ON 
TIMKEN BEARINGS 

AT SHASTA DAM 


Timken Bearing Equipped Con- 
veyors manufactured by Chain 
Belt Company, Milwaukee, Wis. 


TAPERED ROLLER BEARINGS 
MPANY, CANTON 6, OHIO 


























E’S only been out of college three 

years. He’s not much older than 
you are. At war he is a hero, brave and 
skilled. And he happens to be some- 
thing else you may not have thought 
about. 

Already he is the head of a million 
dollar business. And he is not the boss’s 
nephew either. He came up the hard 
way ... Nine grueling months at Ran- 








dolph Field—sixteen hours a day, all 
work. Then his wings; and fly, fly, fly, 
work and learn. And then fight. 

Today is his birthday. He’s 24, a 
major, commanding a B-17 Heavy 
Bombardment Squadron in the Pacific. 

Under his command are 12 aircraft 
... total value 4 million dollars, plus 
astronomic quantities of gasoline, oil, 
ammunition, spare parts, trucks. And 


he is personally responsible for the 
smooth efficient running of it all. 

And more...he is responsible for the 
well-being and the very lives of the 400 
men in his command. 

Esso Aviation Products salute this 
major, and the hundreds of thousands 
like him, not only on their flying skill, 
but on their magnificent job of leader- 
ship and administration. 


Head of a Multi-million Dollar Business 


ESSO LEADERSHIP in aviation petroleum products stems from 
two simple facts. First ...from the time we fueled the Wright 
brothers’ first flight at Kitty Hawk, this has been an air- 
minded organization. And second ... we back that air-minded- 
ness with the largest research operations in the business. One 
out of every four allied combat planes flies on gasoline from 


the Esso refineries. 


COLONIAL BEACON OIL COMPANY 
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YOU CAN DEPEND ON 






AVIATION PRODUCTS 
SOLD IN THE 25 STATES INDICATES 
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TRAINS OF THE MODERN WORLD 


People like to ride on fine trains. It has 
been proved so in Texas where the 
stainless steel streamliners “Sam Hou- 
ston Zephyr” and “Texas Rocket” ply 
toand fro between Houston, Dallas and 
Fort Worth. These trains have been so 
popular that the people of Texas have 
asked for more trains of the same kind. 

They will get them as soon as men 
and materials for their building can be 


Originators of ALLSTEEL* auto bodies, stainless steel lightweight trains and 
highway truck trailers. Designers and makers of airplane and marine struc- 


released from war production. For the 
railroads realize that future demands 
for modern, luxurious train transpor- 
tation will exceed anything known be- 
fore the war. They need much addi- 
tional new passenger equipment; they 
want to provide the best. 

And Budd, builder of stainless steel 
trains, is at work on plans for this fu- 


ture. You will see new trains in in- 


tures, Inventors of the SHOTWELD* system of fabricating hi-tensile steel. 


SREG. U. S. PAT. OFF. 


T3A 
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“DEEP IN THE HEART OF TEXAS“’—Modern trains of the Burlington-Rock Island 
R. R. Co. maintain fast service between Houston, Dallas and Fort Worth. 














creasing numbers, with new refine- 
ments, new conveniences. They will 
give you the comfort of your own liv- 
ing room, even on long journeys. And 
they will be extra strong and safe, each 
car a firmly-welded unit of stainless 
steel, fabricated by Budd’s exclusive 
SHOTWELD* system. 


EDWARD G. BUDD MANUFACTURING CO. 
PHILADELPHIA ’ DETROIT 
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Glass like ribbon candy... 


HAT do you think of this?” said 

the research physicist, hauling out 
a long wide flexible ribbon of glass as thin 
as paper. He shook it and it bent and rat- 
tled like rain on a roof. 


“What's it for?” said the fellow who 
writes these ads. “Well,” said the physi- 
cist,“it may have a lot of uses.We haven’t 
had time to explore them all yet. But one 
we've already found is in wartime radio 
equipment.” 

This interesting new type of glass is just 


one of the many contributions of glass 
research to the war. For the glass indus- 


JANUARY, 1945 


try has thrown its entire accumulated ex- 
perience, engineering and research facili- 
ties, into the job of putting glass on the 
fighting and industrial fronts where it 
can hurt our enemies most. 


War and Corning research have put glass 
in a lot of strange places. For instance, 
there was a time when almost all piping 
in chemical plants was alloy of one kind 
or another. Now chemical people have 
discovered that glass piping is bet- 
ter for many purposes, and Corning 
has even developed a method for 
welding it into continuous lengths. 


What about the business you choose to 
follow? Perhaps someday glass can re- 
place metals, speed production, improve 
products for you. It has for others, and 
Corning knows how to apply glass to 
many different problems. Keep it in mind. 
Corning Glass Works, Corning, N. Y. 


LORNING 


~~ ICG 


Research in Glass 
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@ The new recycling plant of the Texas Company at 
Erath, Louisiana, breaks all previous records by re- 
turning gas to the formation at 4650 Ibs. pressure. 
The design and manufacture of the 16 Clark “Angle” 
Compressors for this job called for precision engineer- 


ing and workmanship of the highest order. Compres- 


NSTALLATION SHOWN AT THE RIGHT is a battery of Pacific type H. V. 
| Centrifugal pumps delivering peak efficiency in De Tentanizer 
furnace feed and lean oil service. Type H.V. handles extremely hot 
or sub zero liquids at low pressure. Speeds up to 3600 R. P. M. 
Capacities 100 to 3,000 G. P. M., and differential pressures up to 
325 P. S. 1. It is one of the many types of high precision pumps 


designed and built by Pacific. 


In pump engineering, Pacific has always anticipated and met the 


requirements of industry with a long list‘of “Firsts” in design, and 


construction. 


“Tuo of the Dresser Vedhutitetes 


CLARK BROS. CO., INC. 


OLEAN, N. Y. 


More Gas to the Sand at Higher Pressure with 12,800 H. P. of Clark “Angles” 

















sor cylinders were designed to meet the exact oper- 
ating conditions to which they would be subjected. 
Extremely close tolerances had to be maintained. 

The basic economy and dependability of the Clark 
2-Cycle “Angle” is demonstrated once more in the 
most modern type of plant. 


PACIFIC PUMPS, INC. 


HUNTINGTON PARK, CALIF. 
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THIS IS M. I. Ti. 


‘BUSINESS AND ENGINEERING 
ADMINISTRATION 


By ERWIN H. SCHELL 
In Charge of the Department 


F every ten young men who have a flair for science 
and engineering, there is usually one who has what 
might be called intellectual claustrophobia, or a fear 
of enclosed thinking-spaces. While his interests are 
essentially scientific, and he enjoys gadgetry of one 
form or another, yet he rather abhors the idea of 
learning more and more about less and less — of 
crawling into a specialized hole and pulling the hole 
in after him. It is particularly fortunate that out of 
the increasing host of young men who are entering 
the technical fields, there are these few who have a 
characteristic yearning for somewhat wider, broader, 
and deeper applications of their knowledge. 
Such young men, if properly ‘eniene and stimu- 
lated, ss about the best executives that industries 


can find, for their inherent tendency to develop varied. 


interests, coupled with a knack in coérdinating these 
interests in the direction of a common objective, fit 
them ultimately to become generalists rather than 
specialists. Yet they can justify a position of leader- 
shi because of clear proficiency in the technical arts 
ve | sciences. 

There once was a time when engineering changes 
in our manufacturing industries took place much more 
slowly than at present. Under these circumstances, 
many of the decisions could be delegated to the techni- 
cal divisions of the business. Now, with the extraor- 
dinary changes which organized research and product 
development have brought, management itself must 


be sufficiently proficient in the technical phases of the 
business to ahs sound administrative judgments and 
thereby to keep the enterprise afloat in the swiftl 
pt stream of progress in which it inevitably finds 
itself. 

It was thirty years ago, in 1914, that the course in 
Business and Engineering Administration was organized 
at the Massachusetts Institute of Technology to pro- 
vide special training for students in this category. 
The program of study has always been one which has 

rimarily emphasized scientific and i arming. | com- 
Pimations. But in place of advanced designs there is 
introduced a series of fundamental business courses 
such as production, marketing, finance, accounting, 
law, labor and statistics. 

As a result of four years of this curriculum, young 
men with a flair for management are given opportunity 
to range over a broad base of fundamentals which they 
may sometime have opportunity to codrdinate and 
unify into a manufacturing organization of similar 
function. 

This course at Technology incorporates perhaps 
as long an interim between initial training and ultimate 
industrial responsibility as any at the Institute. This 
is because it takes longer to become a vice-president 
than to become an engineer. It is true that after this 
period of development in industry has been achieved, 
about four out of five of the departmental graduates 
become major executives. Continued on page 148) 
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HEY bombing planes can be defended from 
swift and heavily armed fighter planes in only 
two ways. The first is for the bombers to be escorted 
by their own rag Because the required escort is not 
always available for a mission, or may be engaged with 
one group of enemy planes while another sneaks in 
and hits the bombers, the alternate method of protec- 
tion is necessary. The alternate method is, of course, 
the arming of the bombers themselves. There is but 
one major drawback to arming bombers. Guns mean 
ammunition, armor plating, and gunners, all of which 
mean added weight. Added weight decreases the size 
of the bomb load. The enemy must face the same prob- 
lems as we, and so arms his bombers. The more effi- 
ciently we can arm our planes, the more efficient they 
are asa whole. The buzz bomb of the enemy is a definite 
attempt to do away with the need for a crew and arma- 
ment, and thus to use the maximum output of the plane 
or rocket in its major role — the explosives. Modern 
planes are powerfully armed — both ours and the 
enemy’s. One of the vital devices in the armament of 
an airplane is its turrets. Aircraft gun turrets give the 
pilot mechanical aid in moving heavy guns against the 
strong slip streams of our fast-flying planes. 

The modern power-operated turret is a very efficient 
affair. It consists of a vertical shaft mounted on a base 
built into the framework of the bottom of the plane. 
A hollow shaft fits around the first shaft and is made to 
rotate by electrically controlled hydraulic pumps. 
Attached to the top of the rotating shaft are the guns, 
a seat for the gunner, and surrounding both a large 
metal ring, called the turret chassis. A large glazed 
cupola or dome is bolted to this chassis. The guns and 
aiming devices protrude through slots in the cupola. 
The guns are also electrically controlled, and an auto- 
matic fire interrupter prevents the guns from shooting 
off parts of their own plane. The guns and gunner’s 
seat are geared to a hydraulic ram and are thus capable 
of vertical and horizontal movement at the same 
instant. In almost all cases, the motors and other 
devices are built right into the turret, and thus comprise 
a single unit: a single unit that can be replaced in a few 
minutes by another in case of damage. 

The first airplane ever to be armed was a Wright 
biplane. higeedin to General H. H. Arnold, the 
acmament consisted of a Lewis gun carried in the lap of 
a passenger. Any conclusions reached were not pub- 
lished. That was the year 1910. In early 1913, the 
British War Office, because of the rumors of tests being 
conducted by the French and Germans, decided to 
experiment with armed aircraft. The Royal Aircraft 
Factory fitted machine guns to some Henry Farman 
biplanes. The British Naval authorities, not to be out- 
done, experimented with a Short pusher float-plane 
equipped with a semi-automatic Vickers 114-pounder 
and a Vickers machine gun. During these tests, ground 
targets were attacked from heights up to a thousand 
feet, and some shooting was done using small. free 
balloons as targets. The Coventry Ordnance Company 
eonducted tests to determine the recoil effects of ma- 
chine guns, using an airplane suspended from the roof 
of a hangar. In 1914, the Vickers Aircraft Division 

roduced their “Gun Bus” pusher biplane with a 
axim gun in the nose of the nacelle. It was quite 
successful, and, at the outbreak of the World War, 
although airplanes were almost universally regarded as 
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AIRCRAFT GUN TURRETS © 


By HENRY L. LEE, 2-47 












observation platforms, the British War Office ordered 
the lar acto roduction of a similar model by the 
noe ircraft Factory. The plane was not produced 
in large numbers until the summer of 1915, by which 
time more advanced fighters had been developed by 
the French and the Germans. The development during 
the rest of the World War continued to be almost 
entirely in an offensive direction, with little stress 
being put on defense. Nevertheless, the gun turret 
had its origin in the first World War. A Sopwith two- 
seater biplane — the first British tractor machine to 
have a fixed gun synchronized with and firing through 
the propeller blades — had a Lewis gun mounted on a 
metal ring, called a Scarff ring, that pointed to the rear! 
This was the first serious consideration of the need for 
defensive armament. A later model of the Scarff ring 
mounted two guns and was so designed as not to slew 
around when one gun jammed. The Scarff ring became 
standard equipment for almost all countries and was 
not replaced until the increased speed of planes made 
it imperative that the gunner be given protection from 
the ie streams. 

In 1930 the Bristol Aeroplane Company made the 
first practical attempt at protecting the gunner from 
the aforementioned slip streams. A Scarff ring was 
enclosed within a transparent dome, nicknamed the 
“birdcage.” This innovation established the basic 
principle of modern turrets. While the enclosure was 
not power-driven, it was counterbalanced so as to 
enable the guns to be trained readily and accurately 
against the pressure acting upon them due to the speed 
of the aircraft. Bristol next gave the gunner geared 
hand control over both elevation and traverse of the 
guns; the gunner moved with the guns and so had the 
advantage of always sighting through the same panel 
of the cupola. At about the same time Bristol designed a 
hand-operated turret with remote control. This was 
the first layout in which the gunner did not occupy 
the turret. 

Then came attempts to operate the turret by power. 
The first, power-operated turret made its appearance as 
the nose turret on the Overstroud two-engined medium 
bomber, both turret and bomber being designed and 
built by Boulton Paul. The turret was driven by com- 
pressed air and mounted a single Lewis gun. Bristol 

ad prepared plans for a power turret for the nose and 
tail of a big transport-bomber. These plans were 
realized in the Bristol Bombay troop carrier. The year 
was 1934. 

Bristol used several different systems of electric 
drive, but finally adopted hydraulics. Of the early 
electric drives, the most successful consisted of an 
electric motor driving a disk from which variable-speed 
and reversing friction drives conveyed motion to the 
turret, with control by a small joy stick. The mechan- 
ism as a whole was not. deemed sufficiently smooth in 
operation and was discarded. Hydraulic systems were 
then adopted and a certain degree of success was 
realized. 

Still in 1934, Bristol developed a semi-enclosed 
turret for Army codperation machines which had 
relatively low flying speeds. This turret embodied a 
power pillar with hydraulic operation, giving sensitive 
control over the movements of the gun, with but a 
slight increase in size over the earlier hand-operated 
mountings. During the next year, 1935, the Bristol 
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Bombay transport-bomber, mentioned above, came 
out with the first hydraulically operated turret. It was 
located in the nose of the fuselage and gave the gun a 
good field ‘of fire forward. 

In 1936, there appeared the first of a series of Bristol 
Blenheim bombers — each with a gun turret amidships. 
This type of aircraft is notable as having been the first 
example of the modern all-metal, stressed-skin, canti- 
lever monoplane to go into production for the Royal Air 
Force — thus Eatotacin a new era of high-perform- 
ance monoplanes. The latest versions of the Blen- 
heim still have a turret amidships only, but as a bomber 
it also has a .303-inch Browning gun in the port wing 
and a “blister” under the nose of the fuselage with a gun 
firing to the rear. When equipped for long-range work, 
the Blenheim has the same type of gun in the port wing 
and the top center turret, but in place of the rearward- 
firing gun in the blister there are four Brownings firing 
forward from the nose of the fuselage. 

During the early 1930s other aircraft-manufactur- 
ing companies besides the aforementioned experimented 
with power-operated turrets. Vickers fitted its own 
turrets with twin Browning guns to the nose, top, and 
tail of the original Wellington bomber. Armstrong used 
single-gun turrets of another orgs in the nose and 
tail of the early Whitley bomber. Neither the Vickers 
nor the Armstrong turret was entirely satisfactory, 
and all later versions of the Wellington and Whitley 
bombers have been equipped with turrets of the Frazer- 
Nash design, made by the Parnall Aircraft Company. 
This turret was similar in design to those of Bristol 
and Boulton-Paul, and constitutes the third of the 
three makes of turrets now fitted to British military 
aircraft. 

American turrets are applications of the basic prin- 
ciples developed by the early experimenters. American 
turrets are quite similar to the British turrets, and the 
methods in which various engineering problems have 
been solved are the sdme. One of the most difficult 
problems is that of turret rotation. The equipment 
must be light, compact, sensitive, and quick responding. 
One of the best and most talked about methods of turret 
rotation is the electro-hydraulic system developed by 
Boulton-Paul. It consists of an electric motor coupled 
with a hydraulic pumping unit. The pumping unit 
consists of two pumps: one, pares in a closed 
circuit to a hydraulic motor, rotates the turret; another, 
connected in a similar circuit to a hydraulic ram, ele- 
vates the turret. 

The cylinder block of the hydraulic pumping unit 
consists of two banks of five cylinders of #s-inch bore, 
formed radially about the central vertical bore. The 
cylinder block is of phosphor bronze, and the piston 
rods are of case-hardened steel. The outer ends of the 
piston rods are domed and held centrifugally in engage- 
ment with a shallow groove formed in the inner race of 
a ball-bearing slide ring which surrounds the pistons. 
Movement of the slide ring gives stroke to the pump 
in either direction. The whole generator mechanism is 
contained in a magnesium alloy casing which also 
incorporates built-in make up on suction valves and 
adjustable blow-off valves. 

The cylinder block is the driven member of the 
generator and rotates on a fixed steel spindle having 
two opposed parts for each cylinder bank. Each of the 
control rings slides in guides in the generator casing 
and has a range of movement of 0.13 inch to either side 
of the central position concentric with the cylinder 
bloek. In operation, the pistons, in addition to oscillat- 
ing in their respective cylinders, have also a rotary 
motion due to a very slight offset of the point of con- 
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Douglas Aircraft Co., Inc, 
NEW “STINGERS ADDED”, a power turret, housing 
two .50-caliber machine guns, is the latest addition to 
the fire power of the Douglas A-20 “‘Havoc.”’ The ‘‘Havoc’’ 
now carries nine .50-caliber guns: six in the nose, two 
shown in the accompanying photo of the turret and one 
in the belly, firing rearward. This armament puts the 
A-20 in the fighter-bomber category, because of its speed, 
maneuverability and general tactical use. 


tact between the piston crown and the grooved track 
in the ball race. This combination of sliding and rotary 
motion has the effect of equalizing wear and the preven- 
tion of line scoring of pistons and cylinders. 

The control slides for the two pumps are connected 
to a control handle so that movement of the handle to 
the left or right affects the rotation pump and results in 
turret rotation in the same direction; movement of the 
handle backward or forward affects the-other pump and 
results in the elevation or depression of the guns. 

Another device coming into use in gun turrets is 
the amplidyne, a device often used for current control. 
The amplidyne is a two-in-one generator which uses 
the same structure twice by means of armature excita- 
tion and which gives almost instantaneous response to 
even the weakest signals. It has been demonstrated 
that amplidyne responds equally well to several control 
fields as it does to a single field. The character of the 
control field windings makes it possible for the ampli- 
dyne to be constructed with a multiple control field 
capable of producing an instantaneous response to a 
large number of independent signals. The use of the 
amplidyne with a multiple control field reduces the 
number of control devices necessary for the desired 
performance.* 

The device that prevents the guns of the turret from 
shooting away parts of their own plane is the automatic 
fire-interrupter. Each of the guns, a few feet apart, 
has a different fire line, and so must be considered 
independently when its fire is to be interrupted. A 
device has ibe developed that controls each gun 
separately and accurately. Each gun is electrically 
fired by a separate solenoid with one main switch or 
button for the gunner to use. By putting a safety 
isolating switch in the circuit of each gun, one gun can 
be silenced, while the remaining continue to fire. 

The safety device employed on Boulton-Paul 
turrets consists of a brass drum rotated at the same 
velocity as the turret. Two spring-loaded brushes are 
located one above the other on a frame and are held 
in contact with the drum and are arranged to slide up 
and down the drum surface as the guns are elevated 

* For details of amplidyne’s structure, see “The Well-Bred 
Short Circuit,” The Tech Enginsiving News, November, 1943. 
(Continued on page 154) 
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POWDER METALLURGY 


By C. RICHARD WHELAN, 2-47 


Pictures courtesy Chrysler Corporation 






Close-up of a briquetting press showing parts of 
intricate shape being mass produced by the pow- 
dered metal technique. Metal powders flow down 
through the tube, center, are fed into the die, and 
in a nine-second cycle of the press, the briquette is 
formed. After sintering for strength and sizing for 
precision, powdered metal bearings and parts may 
be impregnated with oil for self-lubrication and will 
save up to twenty different machining operations. 


HE use of metal powders is not a new idea. Pow- 

dered gold and silver were known to the ancient 
Egyptians. The Incas in Ecuador were able to work 
platinum by eemmating grains of platinum with grains 
of gold and silver. Because of the extremely high 
melting point of platinum this was the only method 
by which platinum could be worked. 

Metals in the powdered form find many uses 
today. Aluminum and magnesium powders are widely 
used in flashlight powder, incendiary bombs, tracer 
bullets, and flares. Aluminum and bronze powders are 
extensively used as pigments in paints. Other metal 
powders are used as catalysts in certain chemical 
processes. 

However, the present definition of powder metal- 
lurgy, generally speaking, does not include the above 
mentioned applications. Powder metallurgy may be 
defined as the processing of metal powders into metal 
parts having qualities comparable with cast or forged 

arts. 
. The first step in the manufacture of any powdered 
metal part is the processing of the metal into powder 
of the desired grain size. There are many ways of 
getting metal into the powdered form. One widely 
used method is the process of electrolytic deposition. 
By controlling the conditions in the electrolysis of a 
metal salt, the metal can be deposited in the bottom 
of a tank as a sludge. This sludge is washed, dried, 
and screened to cleanse and sort the metal particles. 
This method is used to a great extent in making copper 
powders because the crystalline structure of the par- 
ticles formed is advantageous to the conditions present 
in the making of powdered metal parts. Another 
important cn HR" used to make metal powder is the 
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oxide reduction process. In this process powdered 
oxide of the desired metal is cl by heating in an 
atmosphere of hydrogen or carbon monoxide. A third 
important process is grinding, hammering, or any 
kind of mechanical disintegration to form the metal 
powders. This method is used to make metal powders 
of the more brittle metals. A fourth and very interest- 
ing process for powdering metals is the atomization 
of the molten metal in a high velocity air jet. There 
are numerous other methods of obtaining metal 
powders; the method used depends on the properties 
of the metal and the type and size of metal particle 
desired. 

Having obtained the metal in the powdered form 
it is wide mixed with other metal powders to form a 
mixture of powdered metals of carefully determined 
composition and grain size. Thus, the physical proper- 
ties of the finished powdered metal part can be made 
to meet many varying conditions. 

The mixture of metal powders is then put in a die 
of the proper shape and size, and subjected to pressures 
ranging from twenty to sixty tons per square inch, 
depending on the specifications for strength and 
porosity. As a result of this the metals are pressed 
into a shape closely resembling the finished product. 
The product of this cold pressing or briquetting is 
bie y a compact or briquette, and its volume is only 
about one-third of the volume of the metal powder 
used. The compact is strong enough to stand up under 
normal handling until it reaches the heat treatment 
furnaces. 


The next step in the manufacture of powdered 


metal parts is the heat treatment or sintering process. 

The compacts are heated in electric furnaces in a 

neutral or reducing atmosphere to prevent any oxida- 

tion of the metal. The proper furnace must be deter- 
(Continued on page 150) 


Still another example of powder metallurgy’s rapid 
rise to the forefront as an accepted and versatile 
means of manufacturing are the quick acceptance 
of Oilite Filters. This product in its wide choice of 
shapes and sizes is used for filtering, venting, mixing, 
separating, metering, diffusing and flame arresting. 





THE TECH ENGINEERING NEWS 





























































an 








Hex would you like to find your way about in a 
space of 1,000,000,000,000,000,000,000,000 dimen- 
sions? A bit confusing, you reply? Nevertheless, the 
physicist who studies the behavior of gases must deal 
with such astronomically ‘dimensioned spaces as 
part of his everyday life. In fact, when he comes to 
simplify and idealize his theories, he finds that he 
has to consider a space of an infinite number of dimen- 
sions. Nor is he alone in his difficulties. In the solu- 
tion of certain dynamical problems of electromagnetic 
theory it is necessary at times to work in spaces of a 
half-a-dozen or even more dimensions. 

Despite appearances, these seemingly incompre- 
hensible concepts of the mathematician are not as 
baffling as they seem. In order to attack these problems 
of n-dimensional space, let us first see what is meant 
by “dimension” or “‘codrdinate.” 

Consider any physical system which is capable of 
evolution. The system can vary itself, as a rule, in 
any or all of a number of different directions. For 
example, a thermodynamic system can vary in pressure, 
volume, and entropy. The number of ways in which 
the system can vary is commonly spoken of as the 
number of degrees of freedom of the system. 

It should be noted that this number is not a quantity 
with absolute significance. It depends on the particular 
propersss of the system in which we are interested. 
n considering our thermodynamic system we may be 
interested in temperature — volume — pressure rela- 
tionships and the system would have two degrees of 
freedom. But in considering the system as an aggregate 
of individual molecules we find that each molecule 
has several degrees of freedom, and consequently the 
number of degrees of freedom of the entire system is 
quite large. 

Let us assume that we have a system with a given 
number of degrees of freedom. At any given time, we 
say the system is in a definite observable state. Again, 
this state is arbitrary. For instance, we can specify 
the thermodynamic state of a system or its electrical 
state. When the state of a system is completely de- 
termined it necessarily follows that all degrees of free- 
dom are removed, because the degrees of freedom 
describe the ways in which the state of the system can 
change. 

Since the specification of a state involves the 
elimination of the n degrees of freedom, n quantities 
must be specified in wr to uniquely determine the 
state. These n quantities are called the n generalized 
dimensions, or codrdinates, of the system, and the 
system as a whole is referred to as n-dimensional. 

he name dimension arises from the fact that a point in 

eometric space is a system of three degrees of free- 

om — the specification of ordinary Cartesian codrdi- 
nates serves to determine the state. 

Of course, it is common knowledge that the codrdi- 
nates may be chosen to some extent arbitrarily; for 
example, we may specify the sco of a point by 
either Cartesian or polar codrdinates. Or again, the 
state of motion of a particle may be specified either 
by its location and momentum components, or by its 
velocity components and its location. The choice is 
not altogether arbitrary, however, as can easily be 
shown. 

Consider a system whose state is specified by the 
determination of n independent codrdinates %1,%;, . . - Xn- 
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THAT Nth DIMENSION 


By ROBERT H. 






KRAICHNAN, 2-47 


Now make a transformation to another set of codrdi- 
nates ¥i, ¥2,...¥n and consider the conditions of the 
transformation in order to discover restrictions upon 
the y’s. First, it is easily ascertained that, in general, 
n independent y’s are required. This follows from the 
independence of the x’s. It is often possible to verify 
independence by inspection. 

ere is, in addition, a second condition which the 
y’s must satisfy individually. That is, each of them 
must be the integral of an exact differential. The 
necessary and sufficient condition for this is 


C4; CA; ), .* 
Se, Ged ts 
where 
dy = > A.dx.. 


a=] 


An illustration of the necessity for this requirement 
is the case, previously considered, of a moving point 
in space. Its position cannot be unambiguously speci- 
fied in terms of its x and y codrdinates and the length 
of the path it has followed, because length of path 
is not in general the integral of an exact differential. 
Although in this case the condition seems trivial, it is 
of very great importance in such fields as thermo- 
dynamics. For example, the work done in a thermo- 
dynamic process is an inexact differential and cannot 
alone determine the end-state of the system. 

We shall now proceed to examine the method in 
which this concept of dimensionality and codrdinates 
is put to use in solving physical problems. So far, we 
have attached to the idea of dimension none of the 
intuitive auxiliary concepts which go along with the 
idea of the geometric dimensions of ordinary space. 
The question naturally arises, then, whether or not 
the scientist depends on such concepts when he applies 
the idea of n-dimensional “configuration space,” as it 
is called, to the solution of non-geometric problems. 

There is no clean-cut answer to this question. In 
most cases, the use of the hyperdimensional space is 
merely to provide a matrix upon which results can be 
inscribed concisely and in an orderly manner, and to 
suggest, in addition, a language for describing these 
results. However, it often happens that in the building 
up of a theory geometric concepts play an important 
.part by way of suggesting identifications and analogies, 
and thus the picture of a geometrical space becomes 
more than simply a code for writing down results. 

The padi Ait of geometrical space is so wide- 
spread in physics and mathematics that it often 
appears in situations where its original origin is for- 
gotten. An illustration is the use of vector analysis in 
physical theory. This is the identification of quantities 
of the physical theory with the essentially geometrical 
concept of a vector, or “directed” line. The use of 
vector analysis is so common that the origin of this 
identification is often forgotten. 

Another example is the designation of certain 
functions such as the Legendre polynomials as 
“orthogonal” because they satisfy the relations 


J Prlx)P (x)dx = N8q 


where N is a normalization factor and 5;, is defined as 
above. This terminology arises from the fact that for 
(Continued on page 154) 
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A DELICATE JOB! Some parts of superchargers travel 
faster than the speed of sound. Every part must be 
perfectly balanced and fitted. 


SUPERCHARGER 
EVERY FORTRESS NEEDS FOUR... to feed air to 
oxygen-hungry motors at high altitudes. SUPERCHARGE “| 


“ENGINEERING THAT AIDS ALL INDUSTRY — Supplying the bborld | / 


FURTHERS AMERICAN GOOD LIVING” 


OVER 1600 PRODUCTS 
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TO\IMPOSSIBLE” WAR JOB! 





he Kitchen— 


How Allis-Chalmers Engineering put women 


to work Mass-Producing what had been virtually 





a Master Machinist’s Product — 


FLYING FORTRESS SUPERCHARGERS! 


oO PLANT! Not enough men! All Allis-Chalmers 

had when it undertook the “impossible” job of 
mass-producing precision-built Fortress supercharg- 
ers was a plot of land and engineering imagination 
and experience gained from supplying the world’s 
largest line of major industrial equipment. 

Yet, within 8 months, this “know-how” built a 
new, efficient plant—simplified many difficult jobs— 
helped thousands of women become machine oper- 
ators, inspectors, testers! Today, this plant (with 
60% women employees) is turning out superchargers 
in great quantity! 


What will YOU want to build? 


We're adding daily to the broadest industrial engi- 
neering experience in the world . .. are adding such 
things as the revolutionary gas turbine to our list of 
1600 products. No matter what your manufacturing 
problem—it will pay you to consult Allis-Chalmers! 


Auiis-CHALMERS MANUFACTURING Co., MILWAUKEE, Wis. 


is largest Line of Wayor VALLEY ELA Loupment 
| 


VICTORY NEWS 





“How to Train Women Workers! 


In conjunction with the U.S. Air Forces, 
Allis-Chalmers has produced an educa- 
tional movie, ““Woman Power,” showing 
how women with no previous training or 
experience, were taught to perform all 
of the intricate jobs at Allis-Chalmers’ 
new supercharger plant. 

The movie shows how to tfam women 
war workers, how to provide for their 
comfort, health and happiness in a fac- 
tory job. It will be loaned to manage- 
ment and supervisory groups faced with 
the necessity of adapting woman power 
to manpower shortages. Write or wire 
Allis-Chalmers, Milwaukee, Wis. 


More Help For “Sink-Float” Plants: 
To facilitate wet screening and de- 
watering, Allis-Chalmers has designed 
a new End-Tension Deck for Low-Head 
Vibrating Screens. 





New deck construction assures uniform 
depth of product and maximum use of 
screen surface for more efficient oper- 
ation. Write for Bulletin B-6321. 


Electronic Giant By A-C: Big factor 
in breaking the aluminum bottleneck 
after Pearl Harbor was the Mercury Arc 
Rectifier—the world’s biggest electronic 
device—introduced to America in prac- 
tical form by Allis-Chalmers. 

In one simple operation, the A-C 
Mercury Arc Rectifier conyerts alter- 
nating to direct current, the electric 
power needed for mass processing of 
aluminum, other vital war metals. Helps 
keep U.S. plane production on schedule! 





FOR VICTORY 
Buy United States War Bonds 
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BY THE PEOPLE... 


The present war is being fought for many reasons. 
Of these, the preservation and perpetuation of the four 
freedoms is perhaps the most vital to the democratic 
way of life. It is a very necessary part of democracy 
that it embody the four freedoms, and thus the right 
to life, liberty and the pursuit of happiness should be 
accorded to all the people. But it seems to be over- 
looked — in fact, ignored by some — that the right to 
life, liberty, and the pursuit of happiness is the right of 
all the people in all free states, and not merely the exclu- 
sive right of nationals of the United Nations. The 
deliberate overlooking of this basic principle of toler- 
ance is in direct opposition to the-humanitarian ideal of 
democracy. 

We are concerned, in particular, with the situation 
in Greece. It seems that there is a war in Greece — 
has been for some time, in fact — between an army of 
Greek citizens and the British army. The Greek people 
did not approve of the government set up in liberated 
Greece, and, as any free people might be expected to 
do, demanded a change. But this government was the 
Greek government-in-exile, which had been maintained 
in Great Britain during the time Greece was under 
Nazi domination, and this government was acceptable 
to those in power in Great Britain. Not only was it 
acceptable, it was essential that this government be 
established in Greece if traditional Europe was to be 

reserved. So the British, apparently, decided that 
Intervention was necessary if the Greek people were to 
continue to desire a new government, and the interven- 
tion took place in the form of the above mentioned war. 

Such a situation is deplorable, and, in face of the 
Atlantic Charter, is downright hypocritical. The 
actions of Winston Churchill with regard not only to 
thé government in Greece, but also to the government 
in Italy, Belgium, and Yugoslavia, bear testimony to 
this, and substantiate the statement we made earlier 
about preserving traditional Europe. However, that is 
neither here nor there. 

. We must retain a sense of fair play, nonetheless, and 
not blame the British people for the actions of their 
overnmental heads. As in America, there are those in 
ritain who disagree with the action taken in Greece, 
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and, as in Britain, there are people in America who 
support it. The British people, as such, do not demand 
a reactionary foreign policy any more than the Ameri- 
can people demand isolationism, and it is important to 
recognize this fact. 

Also, it must be realized that the Greeks are not 
entirely right, though our personal opinion is that they 
are nearly so. Their first popular demonstrations began 
as bloodless ones, and if they had had some organization 
would have succeeded. But they were not permitted 
to demonstrate! A violation of one of the four freedoms, 
ostensibly by order, was the firing upon a group of 
unarmed Greeks by British soldiers. If, instead of such 
bloody methods of suppression, arbitration had been 
attempted, the whole mess could have been avoided. 

What did the Dumbarton Oaks conference decide 
concerning acts of aggression? 

The Greeks have right on their side, largely. It 
would cost the British government little more than 
pride to admit this and withdraw, leaying the Greeks 
to themselves. The loss of face entailed here is much, 
much less than it will be in the world of the immediate 
future if this civil war is continued. 

Furthermore, settlement of the difficulty should be 
made with the United States and Russia as arbiters, 
not only in order to observe the conslusions reached at 
Dumbarton Oaks, but to make the settlement an agree- 
ment among the Allies. The Greeks deserve this, at the 
very least, to insure fair play and eliminate the possi- 
bility of British domination. 

e question the right of one man, even as the leader 
of a world power, to intervene in the private affairs of 
another people. We question his object — the private 
armies in Greece should be disarmed, granted, as they 
should everywhere — but the method by which this is 
being done can only serve to delay its completion and 
to create among the Greeks a sincere and under- 
standable animosity toward their “‘liberators.” Having 
been freed from Nazi oppression, by what warped logic 
does it follow that the meer be subjected to British 
domination? Such action belongs to the world of the 

ast generation. We fail to see how it could possibly 
other than detrimental in building the post-war 
world. 


R. B. M. 
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ALUMNUS OF 
THE MONTH 


DONALD WILLS DOUGLAS 


Founder and President of 
Douglas Aircraft Company, Inc. 


Donald W. Douglas was born in Brooklyn, New 
York, on April 6, 1892, the son of William E. and 
Dorothy Douglas. He was graduated from the Trinity 
Chapel School, and, after spending several months at 
a preparatory school for Annapolis, he passed the United 
States Naval Academy examinations and entered the 
Academy in 1909. His interest in airplanes increased 
to such an extent that after three years at Annapolis, 
he resigned to enter M. I. T., where he finished the 
course in mechanical engineering in two years. While at 
Technology Mr. Douglas was active on the campus 
and a member of the Delta Psi fraternity. 

After graduating from M. I. T. Mr. Douglas went 
to work as an assistant to Professor Jerome C. Hun- 
saker, now head of the Department of Aeronautical 
Engineering at M. I. T. While working in this capacity 
he helped build what was probably the first ficient 
American wind tunnel. In 1915 he joined the Connecti- 
cut Aircraft Company, working on the first dirigible 
to be built for the United States Navy. 

The year 1916 found him working as chief designer 
of the Glenn L. Martin Company, working with Eric 
Springer, Larry Bell, and Edmond Doak, all now key 
men in the aircraft industry. 

After having married Miss Charlotte Ogg in June 
of that year, Mr. Douglas left the Martin Company 
in November to become Chief Civilian Aeronautical 
Engineer for the Aviation Section of the U. S. Army 
Signal Corps. He was instrumental in designing the 
Martin bomber which, though it appeared too late for 
use in World War I, became the building block of the 
bombing squadrons of the Air Corps. 

his return to the Martin Company after the war, 
Mr Douglas become vice-president and chief engineer. 
In 1920 he left Martin to establish the Davis-Douglas 
Company, financed by David R. Davis, a wealthy 
sportsman. In 1921 Davis withdrew from the concern 
and it became the Douglas Aircraft Company. The 
Company gained fame in 1924 as builders of the four 
Douglas World Cruisers, two of which completed their 
globe-encircling voyage. 

In 1932, in codperation with Transcontinental and 
Western Air, the Douglas Company drew up plans for 
the DC-1, their first venture in the disoatithe. s semetanr’ 
field. “The plane was tested successfully, breaking 
numerous records during the test period. The produc- 
tion model of the ship was the DC-2 which was followed 
by the improved De-3, now the mainstay of the com- 
mercial airlines in the United States. 

Douglas gambled on all of these planes. The 
initial DC-1 cost the Company $307,000 to develop. 
TWA paid $125,000 for the ship and took options on 
others at $58,000 each, but later raised this price to 
$65,000. The first twenty-five ships to TWA netted a 
loss to Douglas of $266,000, but the plant built an 
extra twenty-five planes while filling the airline order. 
Operations were soon out of the red. The seventy-sixth 
DC ship cleared the loss on the original and the first 
twenty-five. By June, 1938, some 138 DC-2 planes had 
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been delivered. By then the DC-3 was brought out, the 
first seven being sold to American Airlines at a net loss 
of $372,000. But succeeding deliveries soon had the 
figures on the profit side of the ledger, and the DC-3 
was destined to carry 95 per cent of all commercial 
airline traffic in the United States. 

The DC-4, which was the next commercial model 
made by Douglas, grew from the idea that the airlines 
could use a super transport — roughly three times the 
size of the DC-3. It came to life behind huge canvas 
curtains in a section of the factory and after two years 
of development became the best known four-motored 
commercial transport in the world. 

Before the giant transport was tested in 1938, 
around 500,000 hours of engineering time were put in 
on it. Some 100,000 laboratory hours were consumed 
in ground and laboratory tests which produced aero- 
dynamic stress that simulated the air path of the DC-4 
three times along the world flight of the Douglas World 
Cruisers. One part of the testing, for the most part 
unknown to the public, was the “wrecking” of the DC-4. 
Different parts of the plane were constructed for the 
sole oo of subjecting them to strains and wrecking 
them. This was to prove by means of scientific destruc- 
tion the blueprints of the engineers. 

Forty DC-4’s were ordered by domestic airlines for 
delivery in 1942. After Pearl Hike, the need for 
military transport planes became urgent, so the Army 
took over the airlines’ orders, adding their own requisi- 
tions at the same time. The military version of the 
ship, the C-54, has many added improvements, making 
it one of the most valuable cargo carriers pomnonted Fy 
the United Nations. 

Mr. Douglas has received recognition of his out- 
standing work in aviation. He received the Collier 


Trophy for the most outstanding achievement in aXia- 
tion in 1935, and in 1940 he was awardedt phil 
yy ge Medal for outstanding golttritypross to 
the design and construction of mili ee t 
airplanes during 1939. \ SS 1 
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BULLETIN BOARD 


Honorary and Professional Societies 
at M.I.T. 


Meee OF MECHANICAL ENGINEERS 

The first event of the A. S. M. E. 
winter schedule was a lecture entitled 
“Engineers with MacArthur,” presented 
by Dean George R. Harrison. Having spent the 
summer working on technical developments with 
General MacArthur in the South Pacific, Dean Harrison 
was well posted on this type of research and gave an 
extremely interesting account of his work and the 
problems siacmebue: 

In early December, the members of the Student 
Branch attended a field trip to the new Mystic Power 
Plant of the Boston Edison Company. Since this plant 
contains all the latest developments in power engi- 
neering and is operating under one of the highest 
efficiencies in the country, the trip proved to be both 
interesting and practical. More visits such as this are 
planned in the near future, and all members are urged 
to attend. 

The New England Regional Meeting of the student 
branches from all the surrounding colleges will take 
place in January here at Tech. The usual essay contest 
will be held as well as other events of interest to engi- 
neering students. The main feature of this meeting 
will be a lecture on “Jet Propulsion” to be presented 
by Professor Keenan. 
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THIS IS M.1I.T.— BUSINESS AND 
ENGINEERING ADMINISTRATION 
(Continued from page 139) 


Studies of the graduates indicate that many of 
these executives are in the smaller or medium-size 
companies where managerial opportunities offer wider 
variety than would be the case in the larger and more 
highly specialized organizations. 

The trend of activity of graduates from this course 
swings quite rapidly after the first few years from 
apprenticeship training into technical work and, to 
some extent, into the assuming of minor executive 
responsibilities. As the years pass, more and more 
students turn from technical activities into mid-zone 
executive tasks, later advancing to become major 
executives with other executives reporting to them 
and having responsibilities for broad company policies. 
Students entering this course have the opportunity to 
undertake their technical or engineering subjects 
either in the physical sciences or in the chemical 
sciences. As a result, they are in position to obtain a 
special engineer’s license in any State in the Union, 
having in addition their managerial training with a 
special emphasis upon the problems of industrial 
manufacturing. 

The method of presenting business subjects is along 
somewhat different lines than in those fields where 
more exact calculations can be made. Management 
problems usually contain factors which are in a con- 
stant state of change. More than this, there are fre- 
quently present elements which cannot be measured 
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precisely. For example, in the determination of a 
suitable location for a manufacturing establishment, 
three different cities may be considered. Thus far, 
there has been no exact way of measuring the precise 
attitude of executives toward the prospect of living 
in each of these locations. Yet this may, under certain 
conditions, be an important element in the final deci- 
sion. Finally, it is rh never true that all the data 
necessary for conclusions can be obtained, due to 
competitive conditions. It is not always possible to 
ask the competitor just what his plans may be, and 
yet these very plans may vitally affect company 
decisions. The task, therefore, in the teaching of 
business administration is to help the student -to 
apply the scientific method insofar as eget and 
even more important to become familiar with the 
various intellectual approaches which are necessary 
in dealing with different kinds of business problems. 
For example, an executive immersed in a sales problem 
does a quite different type of thinking than one who 
is engrossed in a purchasing problem. As in golf, he 
uses a different club for different shots. When these 
techniques are harmonized and correlated with methods 
of scientific analysis learned when studying the more 
exact sciences, the resulting product is a type of 
thought which capitalizes both upon analytical ability 
and business judgment. 


MEDIAN SALARIES 
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1. ae 
YEARS AFTER GRADUATION 


19 21 


Figure 2 


Thus far, little has been said about the objectives 
of such a curriculum. It is the profound conviction 
of the members of the faculty who present this program 
of study, that the greatest social contributién the 
businessman can make is the continuity of his enter- 
prise. When the manufacturing establishment is 
managed progressively and competently, it proceeds 
with aability and assurance of employment. All the 
parties at interest, such as the stockholders, the execu- 
tives, the community, the employees, the vendors, 
and the markets, are benefited. The problem of the 
business administrator is so to conduct his enterprise 
that the interests of all these parties are simultaneously 
safeguarded to the end that the greatest benefit to 
all is obtained. 

Problems of this nature are given particular con- 
sideration in the senior year, where a special course 

(Continued on page 150) 
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RADIO CORPORATION OF AMERICA 


r eee | 
Research ‘gives TE 
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@ TELEVISION RAYS—like human sight—do 
not “bend” far beyond the curvature of the earth. 
They travel in a straight line to the horizon—and 
from the horizon off into space. In preparing tele- 
vision as a Service to the public, research has sought 
ways to extend television’s program service by 
radio relaying from city to city. 

A solution to this problem has been perfected 
by RCA engineers: the radio relay station—capable 
of picking up and automatically “‘bouncing”’ tele- 


vision images from station to station. With such 
relays supplementing a coaxial cable, entertain- 
ment, sports and news events could be witnessed 
simultaneously by Americans from coast to coast. 


Today, RCA’s research facilities are devoted to 
providing the Allied fighting forces with the most 
efficient radio and electronic equipment available. 
Tomorrow, these same skills and energies will 
continue to serve America in developing and cre- 
ating new and finer peacetime products. 


RCA 
leads the way in 
radio —television = 


electronics 


RCA LABORATORIES + PRINCETON > NEW JERSEY 


Listen to RCA’s “The Music America Loves Best’—Sunday, 4:30 P.M., E.W.T., over the NBC Network ye BUY WAR BONDS EVERY PAY DAY y& 
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How to Make a Splice 
in Rubber Insulated Cable 


@ Illustrated Bulletin OK-1007 describes 
various splices and tapes for rubber insu- 
lated cables up to 5000 volts. To obtain a 
copy just write The Okonite Company, 
Passaic, New Jersey. 
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THIS IS M.I.T.— BUSINESS AND 
ENGINEERING ADMINISTRATION 
(Continued from page 148) 


dealing with broader questions of industrial policy and 
operation is required of all students. 

Except in periods of extreme depression, the demand 
for students from this course has always exceeded the 
supply available, as evidenced by the accompanying 
chart where it is evident that it is normal to expect an 
average of two offers of positions student, this 
demand fluctuating rather strikingly in relation to 
the curve of physical production. The Massachusetts 

Institute of Technology finds itself most advan- 
tageously situated in presenting this program inasmuch 
as there are eight thousand manufacturing establish- 
ments in Massachusetts alone. The department has 
in the neighborhood of two hundred codperating 
establishments which open their doors to students for 
plant visits and other investigation. In addition, it is 
the requirement of the program that at least one 
summer be spent in industrial activities, so that a 
ea background of operating experience is gained. 

hus far, about sixteen hundred students have gradu- 
ated from the department, which maintains close 
relationships with its alumni. Every five years, statis- 
tics are obtained from which important decisions as to 
departmental policy may be established. The last 
such study, made in 1940, divided departmental 
alumni into those who were in the upper two-fifths 
of the class salary-wise (Alpha), and F236 who were 
in the middle two-fifths (Beta). The accompanying 
Figure 2 reflects the median incomes of these two groups. 
In general, it has been found that the students in the 
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upper group are more largely in the medium or smaller 
industries. 

The future for such graduates appears unusually 
bright. As the war draws to a close and the nation’s 
industries return to ways of peace, problems of good 
management will once more come to the fore. Whereas 
during the war, patriotism has required production 
at any cost, after the war, costs will inevitably re- 
assume their dominant position, and managerial 
effectiveness once more will become a problem of 
economy as well as of output. 

But of greater importance than this is the great 
responsibility which business administrators of the 
future will bear to the public in the provision of suffi- 
cient employment and in the assurance of good working 
conditions and adequate remuneration. Cxeseves the 
future may hold, of one thing we may be sure. Industry 
will go on, for without it the people perish. And there 
can a no industry without management. 


POWDER METALLURGY 
(Continued from page 142) 


mined for each different batch of metal compacts 
and this temperature is carefully controlled in the heat 
treating process. This temperature is usually about 
two-thirds of the melting point of the lowest meltin 
point metal used. The exact nature of the physica 
change taking place in the compact during the sintering 
process is not known, but it can best be described as a 
welding or bonding of the metal particles in the 
compact. 

fter the sintering process the powdered metal 
parts are put through a sizing press operation which 
corrects any changes in the dimensions of the part 
due to the sintering of the metal. The result of this 
operation is a strong, porous metal structure which, 
in most cases, requires no additional machining. 

One of the most widely used applications of powder 
metallurgy is in the manufacture of self-lubricating 
bronze bearings. In the making of these bearings a 
mixture of about ninety per cent copper powder and 
about ten per cent tin powder is used. In some cases a 
small amount of powdered graphite is added to act as 
a die lubricant. The usual tolerances for bearings are 


(Continued on page 152) 


A cross-section of machine parts made up to 200 
times faster than standard methods from a 
wide variety of metal powders. 
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Piss is a cutaway section of a coaxial cable 

which may be used to provide telephone, television 

or sound program circuits. Its complexity—it can 

furnish as many as 480 telephone circuits over each 

pair of coaxials—offered a real challenge to the 

ingenuity of the Western Electric engineers who had 

to plan its production and design the equipment to 

manufacture it in large quantities. Spacing and fastening insulating discs on 
Evidence of their ability to meet the challenge is center wire of the coaxial. 

shown in the intricate machines pictured here. These i 

are but two of many designed by Western Electric 

engineers to manufacture coaxial cable, 
With over 1,000 route-miles of coaxial cable now 

in operation or being laid, tentative plans call for a 

cuast-to-coast network by 1950—all made possible 

by the ability of Western Electric engineers to lick 

the problems of manufacturing the complex coaxial 


cable quickly and in quantity. 


Buy all the War Bonds you can , 
Machine which applies a double wrapping of steel 


—and keep all you buy! tape to the coaxial unit. 


o 


Western Eleciric 


) IN PEACGE...SQURCE OF SUPPLY FOR THE BELL davne ae 
FIN WAR...ARSENAL OF COMMUNICATIONS EQUIPMENT. { 
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FRICK 
REFRIGERATING 
EQUIPMENT 


Denici lin 


In the $1,750,000 plant of the Commercial Solvents Cor- 
poration at Terre Haute, Ind., penicillin is dried to the nth 
degree by the new vacuum diffusion process. This method, de- 
veloped by the National Research Corporation, combines the 
highest vacuum ever applied to commercial drying work (one 
hundred-thousandth of an atmosphere) with very low tem- 
peratures (down to minus 75 deg. F.}, which are maintained 
with Frick 2-stage Refrigeration. The striking success of this 
and other installations for making penicillin brought an order 
from our Russian Allies for four similar Frick plants for drying 
blood plasma. 

Before you buy any commercial refrigerating, ice-mak- 
ing or air conditioning equipment, get in touch with your Frick 
Branch or Distributor. Write now for literature and estimates. 


FRICK COMPANY, Waynesboro, Penna., U.S.A. 


POWDER METALLURGY 
(Continued from page 150) 


0.0005 inches for bores and outside diameter, and 
0.005 inches for length. Powdered metal bearings can 
be made to meet these tolerances without any machin- 
ing. Even small tolerances can be met but only by 
special operations. The sizing _ operation gives 
Kw bearing a smooth, mirror-like surface, assuring 
minimum friction. The bearings are impregnated with 
liquid lubricant of any desired viscosity and the volume 
of oil contained in the bearing may be as high as thirty- 
five per cent of the total volume of the bearing. The 
bearing is uniformly porous and the pores are inter- 
communicating. Capillary attraction assures the pres- 
ence of uniform oil distribution throughout the bearin 
and on the bearing surface. The pores on the sensal 
surface cannot be seen by the naked eye, but if the 
bearing is heated or put under pressure the oil is seen 
to seep out through the pores onto the surface of the 
bearing. Any tendency toward excess friction between 
the bearing and the shaft while in operation will cause 
excess heat which, in turn, will cause more oil to move 
to the bearing surface, thus lessening the friction. 
It is for this reason that powdered metal bearings are 
called self-lubricating. 

The porosity of a bearing, or any other powdered 
metal part, depends largely on the pressure used in 
briquetting the powdered metals. In general, a low 
pressure will give a bearing of high porosity which 
gives best service for light loads at high speeds; a high 
pressure will produce a bearing of lower porosity 
which is capable of withstanding heavy loads at low 
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speeds. Some manufacturers warn against using pow- 

ered metal bearings where shock or impact loads are 
encountered. Chrysler engineers point out that the 
porous bearing filled with oil acts as a hydraulic cushion 
against shocks and sudden impulses.- Furthermore, 
service reports indicate that when powdered metal 
bearings are subject to severe conditions they perform 
very well. 

The use of self-lubricating bearings is not limited to 
machines which wear out before the oil contained by 
the bearing is exhausted. There are numerous ways of 
overcoming this limitation. For instance, oil reservoirs 
can be made in the side of the bearing housing. These 
consist merely of a small cavity stuffed with felt or 
some other porous substance which is in contact with 
the outside surface of the bearing. The felt is impreg- 
nated with oil, and serves as a wick to replenish the 
oil supply in the bearing. 

Due to the smooth surface and small tolerances of 
these bearings they can be installed with smaller 
clearances than are possible with cast and machined 
bearings. The installation process is very simple, 
requiring no special equipment or skilled workmen. 
An accurately dimensioned plug is inserted into the 
bearing and the bearing is then pressed into the bearing 
housing. The plug prevents any change in the bore 


_ of the bearing, and when removed leaves the inner 


surface of the bearing undistorted. 

There are certain advantages of parts made by 
—— metallurgy that make this type of metal ideal 
or the manufacture of bearings. As mentioned above 
bearings made by powder metallurgy are self-lubri- 
cating, require no machining, and are easily installed. 
Powdered metal bearings are replacing cast bronze 
bearings and in many applications give even better 
service than ball and roller bearings. This better serv- 
ice is given to the consumer at a great saving in 
metal, working time, and in most cases reduced cost. 

It is not hard to imagine that during the wartime, 
emergency, production of powdered metal bearings 
and other parts has been greatly increased. The appli- 
cation of self-lubricating bearings to armaments 
production has been staggering; a four-engine bomber 
alone uses four thousand of these bearings. In the 
making of cast parts a high percentage of metal is 
turned into scrap. Gates and risers must be remelted 
before the metal can be used again. Due to the nature 
of the casting process many parts are rejected as scrap 
because of blow-holes, cracks, and other defects. 
However, in making powdered metal parts practi- 
cally no metal is wasted in forming the compact, and 
due to the high purity and accurate composition of 
the metal enaios , the number of defective parts is at 
a minimum. This has resulted in tremendous savings 
of vital copper and tin. The great soraere, be the number 
of man-hours necessary for production has also stimu- 
lated the use of powder metallurgy for many small 
and intricate parts. A cast part which might require 
several hours of machining can be formed by briquetting 
in a matter of seconds. Also, a war plant workin 
against time can usually get an order of powdere 
metal parts in less time than it would take to get the 
cast and machined parts. 

The shortage of copper caused by the war stimu- 
lated development of the use of iron-copper and pure 
iron powders in the manufacture of bearings and other 
_ Pure iron and iron-copper alloy porous metal 

arings are now manufactured and sold commer- 
cially. These iron powdered metal bearings have 
several distinct advantages over similar bronze bear- 
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HIGH DIELECTRIC STRENGTH 


LOW MOISTURE ABSORPTION 
CORROSION RESISTANCE 


COMPRESSIVE STRENGTH 


TENSILE STRENGTH 


FLEXURAL STRENGTH 


IMPACT STRENGTH. - 


STABLE OVER A 
WIDE TEMPERATURE RANGE 


Many More Properties —Combined 


JANUARY, 1945 


IGHTNING streaked through 
ages, feared but unchallenged. 
Then to Benjamin Franklin it 
flashed the answer to a question 
that unlocked the future of elec- 
tricity. 

Technical plastics, Synthane, for 
example have already answered 
many $1 to $64 questions for people 
who make things. And may for you. 
The question, of course, should 
come before the answer—for only 


you know, as you do, what your re- 
quirements are. If whatever you are 
working on suggests a material of 
excellent electrical insulating char- 
acteristics, resistance to corrosion, 
mechanical strength, stability at 
usual temperatures, easy machine- 
ability, or a variety of other inter- 
related properties, our type of 
technical plastics may readily be 
indicated. Our latchstring is al- 
ways Out to any inquiry. 


SYNTHANE CORPORATION, OAKS, PENNSYLVANIA 


Pian your present and future products with, 
Synthane Technical Plastics 


SHEETS © RODS © TUBES « FABRICATED PARTS MOLDED-LAMINATED © MOLDED- MACERATED 
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AIRCRAFT GUN TURRETS 
(Continued from page 141) 


and depressed. Firing circuits for the left-hand and 
right-hand guns are fed by the upper and lower sliding 
brushes respectively, a fixed rh ip in permanent con- 
tact with the brass drum forming the other connection. 
On the upper half of the drum, shadow patterns that 
correspond to obstructed areas are cut out and filled in 
with an insulating material. These ‘“‘shadow patterns” 
are determined by actual experiment so that no matter 
how complicated the aircraft, it can be adequately pro- 
tected from its own guns with a minimum loss of field 
of fire. 

Other devices included in turret construction are 
auxiliary services such as oxygen, intercommunication, 
and outlets for the gunner’s clothing-heater plug. Many 
modern tail turrets are fed ammunition down a long 
steel track from the middle of the plane, thus reducin 
the weight of the tail and permitting an increase 
ammunition capacity. Cartridges are held together 
by small metal links, rendering the resulting belt quite 
flexible. The cartridges and links — after fire — are 
jetisoned into a flexible tube where they are dropped 
from the plane. 

The modern aircraft gun turret is a compact, light 
and efficient device that gives the gunner mechanical 
aid in aiming his guns and gives him protection from 
the force of fast-moving slip streams. 


THAT Nth DIMENSION 
(Continued from page 143) 


successive values of the argument x, the functions may 
be considered as components of vectors in a space of 
an infinite number of dimensions. Hence the vanishing 
of the integral corresponds to the vanishing of the 
scalar product of the vectors, the usual condition for 
perpendicularity or orthogonality. 

or the present we may sum up by saying that the 
concept of many-dimensioned space as used in physics 
aes a method for efficient handling and classifica- 
tion of facts, offers a sort of visualization, and provides 
a concise notation. 

Let us now turn to a discussion of some specific 
cases in which the method is applied. We start with an 
example drawn from classical mechanics: 

Consider a dynamical system in space consisting 
of an aggregate of n particles. The system then has a 
total of 9n degrees of freedom corresponding to the 
components of displacement vector, velocity vector, 
and spin momentum vector for each particle. Thus 
we must specify values of 9n generalized codrdinates 
in order to fix the state. Adopting the Lagrangian 
viewpoint we will take as these codrdinates the vector 
components mentioned above. For simplicity we shall 
consider only conservative systems consisting of 
particles without spin. The curvilinear space coérdi- 
nates are the q; and the velocity components 4q;j. 
Lagrange’s equations give 

ete Oe wie. ie), 2 128i 
dt \ q; 0q; 0q; 


where T is the kinetic energy function expressed in 
terms of the gi and the 9,, and V is the potential energy. 
Dots indicate time derivatives. Solution of these 
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equations with appropriate boundary conditions and 
constraints coe, a describes the motion of the 
particles as a function of time. 

Here we have a typical example of the use of 

eneralized codrdinates in n-dimensional space. It will 

noted that the designation of the q’s and q’s as 
“codrdinates” implies, in this case, no relation to geo- 
metrical space. It merely provides a terminology and 
a convenient mathematical notation. 

In other cases, however, the concept of the coérdi- 
nates as fixing a point in “configuration space” does 
have some value in itself. For example, it was dis- 
covered that Lagrange’s equations as given above are 
— to situations where the ph teh meaning 
of the energy function in terms of elementary quantities 
is lost. 

As an illustration, consider a simple electric circuit 
with capacitance C and self-inductance L. If at time t 
the charge and current are q and i(=q), respectively, 
the total energy of the system is given by 


U=4Le+ KE. 


To apply Lagrange’s equations, we take the velocity- 
dependent part, 4% aT as kinetic energy, and the 
remainder as potential energy, where q and q are 
chosen as generalized codrdinates. We then obtain 
directly the differential equation describing the be- 
havior of the system: 


LG+tae 


Similar applications of the principle may be made to 
other pro eae in electricity and thermodynamics. 

In order to suggest this extension of the equations 
of motion of particles in real space to the behavior 
of an electrical system in configuration space, it is 
necessary to transfer some of the properties of the real 
space to our hypothetical space. df course, this identi- 

cation is not theoretically required and Lagrange’s 

method can be justified by other means. In other 
words, the intuitive association of geometrical ideas 
with configuration space, while not. rigorously dictated, 
is helpful in suggesting significant quantities and 
operations. 

Next consider the value of generalized cotrdinates 
as applied to the science of statistical mechanics. We 
consider any physical system; for convenience, a gas. 
The method in general outline is applicable to a BP 
of situations. 

As in a previous case, if there are m particles without 
spin momentum, the number of degrees of freedom is 

m and we require n=6m generalized codrdinates and 
momenta, the q; and p;. The change in the state of the 
system is described by the motion of a point through 
the “‘phase space” constructed about the q; and p; in 
Cartesian codrdinates. 

This phase space has many of the properties of 
ordinary geometric space. For example there exists 
the “volume element” 


do = dq; eee dq,dp; + e -dpn 


which remains unchanged for any translation and 
rotation of codrdinates. 

Following the method of Gibbs, the statistical 
properties are treated in the. following manner: We 
consider an ensemble of N similar phase spaces, each 
containing its own representative moving point. We 
then take any one of ‘ieee spaces and in it plot simul- 
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taneously the positions of each of 
the N representative points. The 
statistical probability of a state is 
related to the density of the cluster 
of points about the region corre- 
sponding to the state. That is, 

Pad dN 

dp 

where the normalization factor A 
is determined by 


f Pdp =1. 


From this fact the ensemble of phase 
spaces may be tied up with thermo- 
ivcamie systems. It is in this way 
that we are confronted with the 
1, 000, 000, 000, 000, 000, 000, 000, 000 
dimensions. mentioned at the be- 
ginning of this article. 

In the development of the 
theory, an important part is played 
by theorems and concepts which 
have a direct analogue to, and 
which are suggested by, situations 
in ordinary space. For example, 
the famous theorem of Liouville 
states that 


@P , * aPdy, * AP dp:_ 
ae 2 dq; dt Lae dp; dt _ 


i=1 
As it stands this equation does not 


seem to have any special signifi- 
cance; but rewritten in the form 


2p _ 
ag | VPN. =O, 


where V7 refers to both the q’s and 
p’s, it is precisely the law of flow 
obeyed by an incompressible fluid 
of density p in , three- 
dimensional space. Hence we are 
allowed the  imterpretation of 
Liouville’s theorem as _ requiring 
the representative points to travel 
through phase space like the par- 
ticles of an incompressible fluid. 

This is a typical illustration of 
the applicability of the concept of 
hyperdimensional space. We_ are 
provided not only with a concise 
notation, but also with a. sort of 
intuitive guide to the development 
of a theory. 

To round out the picture, let us 
take up an xen where the 
geometric concepts of space make 
up the entire structure of a theory, 
namely, the relativity theory. Here 
we find a complete identification 
of the properties of matter and 
energy with the geometrical proper- 
ties of a iomrdlintiaslonal curved 
space. For example, the Newtonian 
gravitational potential becomes 
closely identified with a factor used 
in measuring “distance” between 
two points in the space. The 
gravitational force itself becomes 


(Continued on page 157) 
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Harrisburg Seamless Steel Pipe Couplings are 





forged from steel made in Harrisburg's own 






open hearth furnaces — threads are accurate 





of form, height, angle and lead. The same high 






quality found in Harrisburg Couplings are 





reflected in all other Harrisburg products. 










Harrisburg Makes: Alloy and Carbon Steel; 
Seamless Steel Cylinders, Liquefiers, Pipe 
Couplings and Slush Pump Liners; Drop Forg- 
ings and Drop-Forged Steel Pipe Flanges; 
Coils and Bends, 
















This Catalog is a 
must if you are in- 
terested in Seamless 
and Drop-Forged 
Steel Products. In- 
dexed, glossarized 
and departmental- 
ized, it is a veri- 
table textbook for 


the expert or ap- 
prentice. Quick ref- 
erence dictionary 
of our products, 
which gives accu- 
rate, illustrated 
descriptions .and 
other valuable 
information. 




















HARRISBURG STEEL CORPORATION 
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Without paint protection, the strongest exposed steel structures 
would eventually succumb to rust. Now modern flame-cleaning 
makes paint cling closer to steel, forming a better, longer-lasting 
shield against corrosion. It speeds repainting by rapidly cleaning 
and dehydrating the surface to receive the priming coat. 


This process is one of many advanced metal-treating methods fos- 
tered by Air Reduction. Valuable in war, these methods promise 
even greater usefulness when peace returns. 


% BUY UNITED STATES WAR BONDS & 


mannan covouron Arr REDUCTION 


PURE CARBONIC.. INCORPORATED 
THE OHIO CHEMICAL & MPG. CO. EAST 42nd STREET 
WILSON WELDER & METALS CO., INC. 


OXYGEN, ACETYLENE AND OTHER ATMOSPHERIC GASES * GAS WELDING AND CUTTING APPARATUS * CALCIUM CARBIDE 
ARC WELDING MACHINES AND SUPPLIES * CARBON DIOXIDE * “DRY ICE” © ANAESTHETIC AND THERAPEUTIC GASES AND APPARATUS 
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THAT Nth DIMENSION 
(Continued from page 155) 


identified with the components of the system in curvi- 
linear codrdinates. The mechanical properties of matter 
are given by a complicated expression involving the 
first and second order components of curvature. Electro- 
magnetic phenomena may be related, with some degree 
of success, to a geometric quantity derived from the 
notion of parallel directions. 


In conclusion, it should be mentioned that the 
concept of many dimensional configuration space has 
found very wide application in the field of modern 
atomic physics. Although the complexity of the subject 
precludes our investigating it proper?» we may give in 
a qualitative manner some illustration of the nature 
of the applications. 


The method is, in general outline, quite similar in 
some respects to examples we have already considered. 
That is, components of the position and velocity vectors 
of the particles cant - are taken as generalized 
cocrdinates. Several additional quantities are consid- 
ered, however, one of the most important of these being 
the “spin cotrdinate” associated with the spin of an 
electron. 


In working some of the problems in this field we 
come upon a very interesting situation. The points of 
configuration space do not always form a continuum! 
That is, only certain discrete values of some of the 
coordinates are permitted. This leads to the bewildering 
concept of a geometrical space with only a finite number 
of points. 
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BOILERS or tne FUTURE 


The pressure of war-time production has demanded of 
Babcock & Wilcox an ever-greater share of the responsibility 
for producing boilers for increased-capacity steam genera- 
ting plants. A large number of Public Utilities, Industrial 
Power Plants and Ships have been equipped with B & W 
Boilers of modern design. These improved boilers will be 
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NATIONAL RECEIVERS ARE IN SERVICE THROUGHOUT THE WORLD 





What is 


Men nave Livep forty days without 
food—perhaps even longer. They have 
gone several days without water — and 
lived. But without sufficient oxygen, life 
is snuffed out in a matter of minutes. 


Normally, a person obtains plenty of 
oxygen by breathing air. But following 
bomb blasts, shock from battle wounds, 
heart attacks, during severe cases of pneu- 
monia, and after major operations, addi- 
tional quantities of oxygen may be pre- 
scribed, The treatment is known as oxy- 
gen therapy. 


The breathing of extra oxygen also is 
required by all flyers in the rarefied at- 
mosphere of high altitudes. The study 
of this use is contributing important data 
to that which the medical profession’s 
continuing research has made available 


The Linpe Arr Propucts Company, 
a Unit of UCC, is devoted to the pro- 
duction of oxygen. Every cylinder of 
Linde Oxygen, even Linde Oxygen for 
industry, conforms to the purity stand- 
ards of the United States Pharmacopoeia 
—and is therefore suitable for human 
consumption. 


Vv 


Oxygen therapy, once used as a last resort, 
is now routine early treatment. It should be 
welcomed by patient and family as an oxy- 
gen mask is welcomed by a flyer. 

Civilian and military physicians and 
nurses and others are invited to send for 
booklet P-1, “Oxygen Therapy Handbook” 
which describes generally the types of 
equipment with which oxygen is adminis- 
tered. 


BUY UNITED STATES WAR BONDS AND 


UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street 


fr vital to you than Food and Water? 


on the clinical use of oxygen. 


SOME WAYS IN WHICH OXYGEN 
— 1S ADMINISTERED 


Oxygen 
Tent 


Face Mask 


IN AN EMERGENCY Linde Oxygen U.S.P. can 
be obtained from garages, welding shops 
and industrial plants. 
Vv 
IMPORTANT: All U.S.P. oxygen must un- 
dergo extra drying procedures before it can 
be used for high altitude flying. 


STAMPS 


(iis New York 17, N.Y. 


Principal Units in the United States and their Products 
ALLOYS AND METALS — Electro Metallurgical Company, Haynes Stellite Company, United States Vanadium Corporation 


CHEMICALS — Carbide and Carbon Chemicals Corporation 


ELECTRODES, CARBONS & BATTERIES — National Carbon Company, Inc. 


INDUSTRIAL GASES AND CARBIDE — The Linde Air Products Company, The Oxweld Railroad Service Company, The Prest-O-Lite Company, Inc. 


PLASTICS— Bakelite Corporation 
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Don’t wait for the 


Seventh War Loan 
BUY NOW 








GIVE! 
IT DOESN'T HURT 
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POWDER METALLURGY 
(Continued from page 152) 


ings. One of the chief causes of failure in porous metal 
bearings is the oxidation of the contained oil causing a 
clogging of the porous structure of the metal. Copper 
acts as a catalytic agent in the oxidation of oil. Phe 
tendency of oil to oxidize is increased by increased 
temperature or pressure. This problem has been 
successfully attacked by blending a type of lubricating 
oil which is highly resistant to corrosion. However, 
powdered metal bearings made of iron have the advan- 
tage of producing no catalytic effect on the oxidation 
of lubricating oll. A more important advantage in 
the use pf iron or iron-copper in the bearings is that they 
have greater strength to withstand higher bearing 
 seaapieitay However, the iron bearings have generally 
ess porosity than the bronze. 

Fhe Amplex Division of the Chrysler Corporation 
has placed on the market porous metal bearings made 
from alloyed aluminum powders. These aluminum 
bearings have strength comparable with porous bronze 
bearings and show a very great reduction in weight 
over bronze. This is of particular value to the aircraft 
industry where weight reductions are of the greatest 
importance. Aluminum bearings can be installed in 
aluminum housings where use of bronze or other metal 
bearings would cause electrolytic corrosion. 

The role that powder metallurgy has played in the 
war cannot be fully revealed until after peace has come. 
Powder metallurgy cannot be expected to perform 


4 miracles, but we can be sure that its application will 


Pic aed Ponsin, itsertoess hel Orie Corvenpanite further industrial progress. 
THE TECH ENGINEERING NEWS 












While the steel ball is but one little 
part of a ball bearing, it’s a most im- 
portant part—and making it “round” 
is a most important and interesting 
process. 


The extreme precision limits obtained 
(such as diameter within two one-hun- 
dred-thousandths of an inch) and in- 
teresting facts regarding the wonderful 
strength of the steel ball, are among 
the subjects covered in our little 
Booklet “BM”. 


We will be celighted to send you one 
for the asking. 


Meanwhile, remember that every 
mechanical device that helps make 
our civilization possible, has ball bear- 
ings in its family 
tree—somewhere— 
somehow! 














] Slugof steel wire 


is placed be- 
tween accurately 
formed dies. 


Under heavy 
pressure, dies 
forge slug into a 
rough ball with 
minimum of 


&4 

Grinding to per- 

fection of dia-. 
meter and spher- 

icity is done in 

very much| the 

same way that 

human handscan 

roll a ball from 

a lump of putty. 


Final grinding 
and lapping pol- 
ishes sphere to a 
brilliant finish— 
not for “looks”, 
but for perfection 
of form and size. 


NEW DEPARTURE - DIVISION OF GENERAL MOTORS - BRISTOL, CONNECTICUT 


Sales Branches: DETROIT, G. M. Bidg., Trinity 2-4700 
LOS ANGELES, 5035 Gifford Avenue Kimball 7161! 


Pe. a RK... CREE Tee Se Gee 


CHICAGO, 230 N. Michigan Avenue, State 5454 
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JET PROPULSION 


UICK on the take-off, prompt in answering the throttle, the jet-propelled plane has perhaps 
opened a revolutionary chapter in aviation. The P-59A Airacomet, built by Bell Aircraft, is 

the first American version—a single-seater, high-altitude fighter. 
The engines were developed by General Electric from an original British design. The AAF 
assigned the job in 1941, and six months later the first jet engine in America, an aircraft gas 


turbine, was on test. 


There’s no propeller—reaction to a high velocity discharge of gases drives the plane forward. 
It’s a practical application of Newton’s law that “to every action there’s an equal and opposite 


reaction.”’ 


The engine has only one main moving part. Air is taken into the engine, compressed, and after its 
temperature is increased by burning fuel, hot gases are discharged through a tailpipe nozzle. When 
these gases push in one direction, the plane moves in the other. 


we new two million-volt X ray is the first one 
that can penetrate twelve inches of steel, and it 
can radiograph eight inches of steel 78 times as fast as 
the powerful million-volt units now on war jobs. 
High voltage is supplied by a resonance. trans- 
former, a development of General Electric. Unlike 


the usual transformer, this has no iron core, and the 


X-ray tube is placed at its axis. 

Since the new unit is strong enough to operate 
something like three feet away from the object, 
defects show on the film (behind the steel) in their 
actual size. 


PHYSICS PLUS~-~- 


| ae a successful career in industrial physics a lot 
depends on a good background in English and 
chemistry. At least that’s the opinion of Dr. Saul 
Dushman, assistant director of the G-E Research 
Laboratory. 

This doesn’t mean that a physicist has to be a 
‘“‘wielder of $64 words”’ or an orator on the side, but 
he’ll go farther and get along better if he knows how 
to express himself clearly and correctly in his own 
language. And because he’ll be working with newer 
and more complex materials, he’d better takechemistry 
too, says Dr. Dushman—all he can get. General 
Electric Company, Schenectady 5, New York. 


Hear the General Electric radio programs: “The G-E All-girl Orchestra’ Sunday 10 
p.m. EWT, NBC—“The World Today” news, every weekday 6:45 p.m. EWT, CBS. 


The best Investment in the world is in this country’s future. Keep all the Bonds you Buy. 


GENERAL 


ELECTRIC 


963-97C-211 
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